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AbstTact-In this paper, the energy dissipation in soft magnetic materials using the dynamic Preisach model is discussed. The main goal is the establishment of the f 1 . 5 law for the excess losses from this hysteresis model. By building u p the energy balance of a lamination model combined with the dynamic Preisach theory, the connection with the statistical loss theory is identified. A general approach to the calculation of iron losses in soft magnetic materials is based on the separation of losses into hysteresis losses, classical losses and excess losses, according to e.g. the statistical theory described in [l] . On the other hand, in recent years, there has been a vast amount of research regarding numerical techniques for the solution of Maxwell's equations in magnetic cores, combined with advanced hysteresis models, such as the dynamic Preisach model (DPM) [2] , [3] see e.g. [4] . In this paper, we discuss how loss separation emerges from these advanced and experimentally verified approaches. Maxwell's equations are solved numerically for a lamination whose magnetic properties are described by the DPM. The classical loss is obtained from the space variation throughout the lamination of the magnetic field strength H. By considering the balance between stored and dissipated energy in a Preisach system, it is shown that the coexistence of rate-independent and ratedependent hysteresis effects in the DPM gives rise to an excess loss term depending on the power f1.5 of magnetisation frequency. 
Here, Vo is a fitting parameter with the dimensions of a magnetic field, describing microstructural features, see [a] . We recall that d and S stand for the thickness and the cross-sectional area of the lamination. Moreover, B and f are the amplitude of the average magnetic induction and the frequency respectively. Finally, r is the electric conductivity, while G = 0.1357. We emphasize that (1) only holds in cases where skin effects may be neglected.
COMBINED LAMINATION -DYNAMIC PREISACH

MODEL
In this section we discuss how loss separation and eq. (1) emerge from a magnetodynamic lamination model combined with the DPM. According to the Preisach theory, a magnetic material is composed of elementary dipoles [5] , [B] . Each dipole is characterised by the values of the elementary switching fields Q and p. ' The density of these dipoles is represented by the Preisach distribution function P ( a , p) (PDF), characterising the material. The magnetic induction is determined by the magnetic state of all elementary dipoles which, in turn, depends on the magnetic history of the material.
A. Dynamzc Preasach dzpole
In the DPM of [2] , the dipoles are assumed to switch at a finzte rate, proportional to the difference between the local magnetic field H ( t ) and the elementary loop switching fields a and p. The factor of proportionality, denoted by k d , is an extra material parameter, describing the basic property of domain wall dynamics in metallic systems. Explicitly, the evolution in time of the magnetisation of the dipole, denoted by Md, is given by:
in the other cases. 
More precisely, C depends on the slope of the field at the points where it crosses the levels a and p. C is constant under a triangular field, but it becomes a function of a and p under controlled induction conditions, e.g. sinusoidal, which may distort very much the field waveform especially at high inductions.
B. Dynamic hysteresas losses -the frequency dependency
We limit ourselves to flux conditions without minor loops, starting from the demagnetized state of the material. In the Preisach model the induction B takes on the following form:
B ( t ) = -. dad@ k f d ( a , P , t ) . P ( a , p ) ( 5 )
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Here, A is the domain in the Preisach plane in which the dipoles have been switching during the cycle. The total hysteresis losses per cycle may be computed as, see (3) and (5):
The first term corresponds to the rate independent hysteresis losses, see also [5] , while the second term represents the rate dependent hysteresis losses.
C. Lamanation model
In , [7] . To obtain the energy balance of the lamination, we start from the Poynting's theorem expression where E ( z , t ) is the local electric field and J ( x l t ) the local eddy-current density. Space and time integration of (8) 
The first term in (9) corresponds to the classical losses while the second term give rise to the stored and dissipated magnetic energy during the time interval [ t l , t 2 ] . These two terms can be evaluated on a local basis, starting from the finite-element solution of (7). Under sinusoidal flux conditions, and with [tl,tz] equal to one period, and in case the skin effects may be neglected, the first term may be rewritten as the classical loss term in (1) while the second term in (9) becomes Eh, as defined in (6) . Therefore, we obtain from the DPM-LM for the total iron losses under sinusoidal flux excitation a similar equation as ( l ) , where now the parameter may be rewritten, using the parameters defined in the DPM-LM, i.e.
vo = 256kdaGSB3 ( S , d a d~ P (~, P ) .
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)>
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(10)
IV. NUMERICAL EXAMPLE AND DISCUSSION
The theoretical expression (1) where VO is replaced by (10) was analysed in the case of a Lorentzian PDF,
which is the typical distribution applying to soft materials. The parameters were set equal to fitted values for an industrial nonoriented silicon-iron steel: a=50, k 2 8 . 4 1 , Ir'1=3.75 lo-*, e=99.06 ,f=5.2 112=1.62 and kd=390. Comparing the calculated total losses Pt from the DPM-LM (9) with the expression (1) one may discuss the B-dependency of VO. We recall that VO is by definition frequency independent in the loss theory. In Fig.1 the fi-dependency of the calculated total losses minus the classical losses P, (1) is given. For low frequencies (<150 Hz) skin effects are negligible and a linear dependency is observed, confirming the law for the excess losses described by the rate dependency of the DPM. A V. CONCLUSIONS In this paper, the energy dissipation in soft magnetic materials using the dynamic Preisach model has been discussed. By building up the energy balance of a lamination model combined with the dynamic Preisach theory, the connection with the statistical loss theory is described. In particular, the f 1 law for the excess losses is obtained theoretically under specific conditions and numerically verified.
